This paper describes the electrical design and mechanical construction of a 50 kA "step switched" battery bank. Individual fuses protect each of the forty parallel isolated strings of three series (12 V) batteries.
INTRODUCTION
A 50 kA battery bank was designed and built at Los Alamos as a cost effective alternative to commercial power supplies. The battery bank is used to test, evaluate, and characterize the electrical and thermal properties of AC rated switchgear (i.e., 2 kA to 4 kA devices) with long duration (to 5 seconds) current pulses up to the 50 kA level. As the switchgear is also subjected to high voltage waveforms (-50 kV) , an added plus of the battery bank is that it would more easily survive a control fault or H.V. arc-over than an SCR or diode driven dc supply.
BATTERIES
The primary concern with any bank system, once the desired characteristics are identified, is to find the right battery. Los Alamos desired a battery with high discharge capability for the up to 5 second current pulses, which was cost efficient and physically small. Because the repetition rate was low with a 5-10 min recharge time, it was felt deep discharge marine or large truck batteries could be avoided. Although currents of up to 50 kA are being generated, the actual amp-hour draw per battery string is rather low (-1.5). After careful examination of the car battery data, and discussion with manufactures, batteries were purchased and tested. We found the Globe National "GP 65-ACFM65J" to be the best for this use, and encountered no problems during testing. It was also encouraging to find Eglin Air Force Base at Fort Walton Beach, Florida, to be using these batteries to generate megamp level currents for rail gun experiments. Given in Table 1 is a list of some of the more important battery parameters. It is significant to note the low internal resistance and hefty internal copper (lead coated) intercell connections. For the Los Alamos battery bank design we chose a peak discharge current of 1250 amps per battery string, well within the 1600 amp rating as shown in Fig. 1 . Used to protect each of the 40 parallel battery strings, Gould A25X 800 amp semi-conductor fuses will clear 3 kA faults quickly, but reliably hold the 50% (1250 amp) overcurrent for 5 seconds (Fig. 2) .
t Work performed under the auspices of the US DOE.
SWITCHING
Switching is performed by Los Alamos designed pneumatically operated 20 pole step switches. Evaluation of commercial heavy duty, single pole, 400 amp aircraft contacters indicated a short contact life (20 shots) when operated at the 1250 amp level. By utilizing 20 pole switches, significant simplification of control circuitry is achieved. Figure 3 shows the contact material made from I" wide copper bus bars. The electrodes are silver plated to prevent contact oxidation. These moving electrodes are self-aligning, Belleville washers permit the individual electrode to close on unevenly aligned fixed contacts. The Belleville washers also serve to compensate for the different vertical clearance between poles. To further reduce alignment problems, the air pistons are connected to the "drive plate" with ball and socket joints. For a rigid support assembly, G-10 fiberglass is used throughout. Photograph 1 shows the step switches, associated air reservoirs, and four-way control valves. In Photo 2, a view of the 50 kA step switch is shown after 1,500 operations. These contacts may seem to be in rather poor condition, but actually, are in remarkably good condition. 
CONSTRUCTIONAL FEATURES AND PERFORMANCE

FIO. 2 CIRCUIT
The electrical circuit is shown in Fig. 4 , each string of 3 series batteries includes the 800 amp fuse, four step switch, and four watercooled stainless steel trombone resistors. Resistance valves are chosen to give current steps of 312, 625, 938, and 1250 amperes (per string). All battery strings are "switched," providing equal discharge and charge curves. Although not shown, batteries are recharged from a surplus arc-welder. Charge currents are equalized through resistordiode networks. A 50 kA, 50 kV isolation switch of Los Alamos design is used to protect the battery bank from other test (HV) waveforms. This switch is not specifically designed to make or break current, and is the subject of the paper "High Speed Transfer Switch With 50 kA and 50 kV Ratings." Photo 2.
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FIG. 4 RESULTS
The battery bank has been very reliable with about 1,500 full current operations. P T waveforms of 2.5 x lo9 and 5 x lo9
( Fig. 5 and 6 ) are routinely used to test our Siemens D-10 vacuum interrupters. With the appropriate diagnostics, such items as long term thermal equilibrium properties can be determined along with pre-and post-12T resistance effects as shown in Figs. 7 and 8. 
CONCLUSION
This battery bank has shown to be a very reliable and cost effective alternative to commercial 50 kA power supplies. Battery bank technology is well developed and easily understood. It is a suitable technology for testing AC rated switchgear for the high current DC circuits required of present and future fusion experiments. m a
